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FIGURE 1 
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FIGURE 6 
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FIGURE 2 
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FIGURE 7 
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55.0189 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relates to the fidd of petroleum service tod supply industries* and more 
ptiticulirfy to completing 

While drilling ts taking pUce, the integrity of a well is controlled by a drilling mud of density 
that need* to be adjusted so thti the bydnuEc pressure of the mud column opposes the laics 
from the fbfmatioas while sanuhaneously avoiding damaging the underground fixnatkm by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the difference in depth is such that it is no longer possUe to formulate a mud capable of 
performing hi function over the entire length of the well, so to prevent collapse of the wall, h 
is necessary to line the hole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the wdl„ and ire fixed to the wall of the weC by 
cementing. Thereafter, drilling can continue down to the next critical depth. 

Each ncwry-drilled length must be fined with casing of outside diameter thai a sntal enough to 
pass through the casing that u already m place at AaBower depths 
staircase structure with 4 hole that is large at the top of the wefl and much narrower at the 
bottom of the weffl* Such a configuration is far from optimal: a Urge hole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
uaefiil zones does not ffcvor production by good draining of the formation 

Worn stiD. ft often happcrrs that the n^ 

boring has reached a critical depth. Such critical zones may. for example, be veins of very 
friable rock or "pocket*" of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surface. Under such 
circumstances, the only solution is often to cement these zones by putting casing into place 
inunetfiatdy, thereby further reducing the size of the hole, which can lead to a well being 
abandoned if further difficult zones are encountered as driffing continues. 
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It wiD also be understood that h ir very difficult to repair dunged cuing by instalfing new 
casing, without farther ngmficarary reducing the size of the hole ind thus running the rUk of 
preventing penetration of certain tooU or items of equipment that may be needed in the 
production zones, for example. 

Over the last fcw years, the industry his developed new techniques of completing wells or of 
completing them temporally, so is to minimize the number of • steps' and to increase the 
downhole dtanxter of the wdL 

Proposila have thus been made to use a composite material comprising an expa n dab l e doth 
made of glass fibers impregnated with w»i»lymeri»ed epoxy resin and having a rubber 
membrane covering its outside free which is directed ttwaids the 

appropriate laying tool, the nwnbrane is applied against the wall of the hole or a damaged 

portion of casing, and the resin is csused to polymerize by bemg heated. The nim 

that technique is that h requires electrical power of the order of 1 000 watts per linear meter, 

thus fowling its appOcatioo to treating zones that are relatively start to add^ 

of synthetic material cannot constitute t final replacement for mettl caring since that needs to 

be capable, m particular, of wiAstaw^ 

that are particularly corrosive. 

US Patent S 348 095 proposes inasing casing out of a coiinmmus tube of duetu> noterial 
capable of withstanding large amounta of plastic deformation. The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube is 
accompanied by a reduction in the total leagm of tta tube, and tHs can give rise to n^ 
problems at the ends FurtT)er^ 

US Patent 5 3€6 012 propose* a perforated finer prowded with overlapping longitudinal dots. 
A mandrel having a large diameter that is greater than the inside diameter of the perforated 
Ener is used to expand the waH of the finer and the orifices become larger. Ffcer^einforced 
cemem can then be cast oo either sio>tf 

the finer is bored again, thereby leaving a casing of fim>«anejit Ihm » reinforced by metal 
rrinforceroent. The need for farther boring after cementing constitutes a major drawback of 

Out technique. In addition, in the arx^mentioiied case, the pressures required for expanding 
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the tube are quite high and the final length of the finer b reduced Finally, the slots must be 
pierced in compliance wkh very precise specifications, which leads to a raanufecturing cost 
that is high. 

An object nf the present mvcrttkw is m novel type of expandable casing thai does not present 
the above-^nentioaed drawbacks of the art 

According to the sovtotioo, this object is achieved by a finer for completing a hole in an 
underground formation, the liner being constituted by a spW-wound atrip of spiral cross* 
section, its longitudinal edges having complementary touching profiles such that after 
expansion the finer b circular in section. 

To complete a well, the spiral tube is lowered to the bottom of the hole and its wills are 
spread by means oft placement tool, eg. a conical tool *> as to place the kxjgroaclna] edge m 
a touching position where they form a cyfinder. A closed continuous liner is thus obtained 
which can be cemented in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the sntral-wound casing of the invention is particularly adapted to c ementing wells thai are 
horizontal or inukUateral, given its small dimeter in its contracted state which lends itself 
wdl to being installed in narrow wells or m wells of trajectory that mipedcs the lowering of 
traditional casing segments. 

The uner of the invention n also well adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in tne difficult zone and a spiral finer whose 
diameter after expansion is close to the diameter of the hole before enlargement may then be 
put into place and cesnemed. Thereafter, drHEng can continue and the entire column, including 
the zone that has already been completed, b subsequently completed in correctional manner. 

The spiral casing of the invention can also be used for repairing casing that has been damaged, 
since the outside diameter of the spiral casing after expansion can be selected to be equal to or 
very slightly less the inside diameter of the casing that is already in pUce. 

The spsal-wound strip preferably has chamfered longitudinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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frr.flfr.uUmi tdt of the Kng Abo creferaHy. the longtudinsl edges have * crenelated section 
to provide mechanical engagement at a predetennined diameter. 

In a more particularly preferred variant of the invention, the liner is obtained by rolling up a 
atrip about an axis (hat is at a certain angle relative to the axis of lynunetiy of the strip. Uoder 
such circumstances, when the uner is m the c««ncted state, h has ed^si^ Redouble 
be& around the cylinder. If tlteperi^ 
figure is obtained whose length is not altered by expansion. 

The &Kr of tte mventic« can be wotnid kngd^ 

coiled tubing. In order to complete sections that are of great length, it is possible to weld 
together a ptunhty of sheets, either during mainieecture of the finer, which b prefer^ 
uring the coiled tubing technique, or else (Erectly on she. 

The finer of the invention can be made of metal, eg. steel or any other material l>aving the 
desired degrees of elasticity and idasticity. tt 

is selected, and providing it has not been cemented, then the iner of the invention can 
opUot^beiemovwl.thusnuJang^ 

Other details and advantageous chancteritfka of the invention appear fas the following 
description given with reference to the foures, in which: 

after expansion, shown in perspective (Figures la and lb) and in end view (Figures la' and 
lb*). 

- Figure 2 shows an expansion tool; 

• Figure 3 shows an example of mechanical engagement using toothed edges ORffires 3a to 
3d) and shows various profiles for such toothed edges; 

• Figure 4 is a perspective view of a liner in the contracted stsre and bwmg longitu^ 
with toothed sections; 
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-Figure 5 shows a liner of the invention hiving longitudinal edges constituting a double hefix, 
seen in perspective in the contacted stale (Figure 5a), after expansion (Figure 5b), and in 
longitudinal section (Figure 5c); 

• Figure 6 shows an example of temporary completion using a finer of the invention; 

• Figure 7 shews a typical sequence for comptetioo of a production 2one; and 

• FigurcS shows a vijiam of a finer erf invents a sand 
screen. 

The concept of the invention is shown ia Figure 1. A strip* e.g. a metal strip, is spiral-wound 
(Figures la and la*) with overlap over an angle A. After expansion, the liner is circular in 
section and its longitudinal edges come into contact to constitute a closed peripheral surface. 

If the winding follows an Archimedes 1 spiral, then writing £ for the thickness of the strip and 
Dc for the pseudo-diameter of the spiral-wound strip in the contracted state, the value De of 
the diameter alter expansion is given by the following equation: 



where A, the overlap angle, is ex pr essed in radians, and where the lengths De, Dc, and e, are 
expressed in the same units. 

With an overlap of 90* as shown in Figure la, a liner having an outside diameter De of 17.8 
an (7") and a thickness £ of 9 J mm (3/8 of an inch) is contracted to a diameter Dc of 14.9 cm 
(5.86*). For an overlap of 180*, the expansion ia close to 50%. 

By way of example, the tool for expanding the liner of the invention can be constituted by a 
double cone assembly as shown disg r a rnm i ri calry in Figure 2, having a first end 10 suitable for 
being fixed to the end of a coiled tube or of a itring of rods, and a second end 11 of diameter 
similar to that of the spiral-wound liner in the contracted state, thereby enabling the spiral- 
wound finer to be pushed to the zone which is to be completed. The expansion tool also 
includes an enlarged rone \7 of outside diameter doic to the inside diameter of the liner after 
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it bis been expanded. The enlarged mat M is j«fi^ cspabfe of being wiacted at torn 
part by remote control means such is hydraulic pressure, inechanical means, Of a combination 
of such means as b conventional for placement tool* asusedinwett*. 

In the variarit of the invention stownm^ 

given teeth ao as to form amectaaieal lock, As can be seen more partkularlym Figures 3 a to 
3d, »tood*xl edge, ra this cajesn edge havii^ttre 

It may also be observed that the longitudinal edges have a contact area feeing in a general 

direction TS at enon-zeroangUreh^tothenoni»ltotheloi>^^ 

angle of about 45*. and more genetafiy h^BthecangeJ^to^Bgeneraaypteftnod. 

Other variant toothed profiles are shown m Figure 3e, The mmto of teeth can be increased, 
or on the contrary, decreased, and it is possible to select profiles that are nearer to being 
square so as to achieve engagement that is closer to being of the tenon and mortise type. In all 
of the examples shown in Figure 3, the toothed edges follow a general direction D at a 
certain angle relative to the normal to the longitudinal axis of the &w. The profile selected is 
prefenfcty such as to minimize radial friction forces th«t tend to oppose ifofing of the two 
cttnpJenentary portions. Aa shown in Figure 3 e, the elastic forces Fa and Fb that result fr«n 
expanding the spiral-wound finer create radial friction forces Fc and Fd which tend to move 
the edges apart ThU separation forces be 
shape of the teeth. 

Tl* forces Fa and Fb which assist in tockn^ 

angle A of the finer in the contracted position. Nevertheless, too ouch overlap aho tend* to 
increase the radial fines ao that a balance must be found between the deriirf coefflcirt ^ 
expansion and mediamcal locking. 

The finer is expanded into the tope of a cone of dhwnaioat that depend eaae^ 
g«y^ cf the spiral-wound Ener and on its elasticity, and to a smaller extent on the apex 
angle of the corneal expansion tool. To Emit friction force*, it may be advantageous to select 
an expansion tool constituted by a cone whose apex angle is dose to that of the 'natural' 
expansion cone of the spiral-wound liner. 
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As shown mm particularly in Figure 4, the axis of the engagement teeth forau in angle B 
with the nit of the spiral- wound tube This angle B has an optznun value lying between the 
■natural" expansion cone angle of the Ei^a^zer^ however zaou also acceptable. 

Figures abowt the most particularly preferred variant of the invention in which the finer is 
obtained by rolfing up a strip about an axis that is at a certain angle relative to the axis of 
aymmetry of the strip. In the contracted position (Figure 5a), the edges fimn a double hefix 
around the iner. After expansion (Figure $>\ the two hefixes coincide md the junction fine 
winds hekcauy around the oner. 

A particularly advantageous aspect of this geometry Be* m it being possible for expansion to 
be performed without changing the X length of the finer. U, as shown in Figure 5c, the 
"dtamctcrf of the finer are written Dc and De (where index gcorresponda to the finer being te 
the contracted state and index c to the Incr in the expanded state), and if the periods of the 
hefical curves followed by the longitudinal edges arc written He and He (where the period of a 
helix is defined as being the distance measured along the Icngituoina) axis of the liner between 
two corresponding points that are one complete turn apart around the cylinder of diameter Dc 
(or De if the case may be)), and if the length of a longitudinal edge of the finer is written L for 
a finer wfceae total length is X, h cut be shown that the length L b equal to: 



X does not vary. 

With this double helix configuration, it should also be observed that if the strip constituting the 
finer U of thickness W, then the diameter after expansion is given by the equation: 




and that consequently, if the tape is roiled up b such a 



that ■=*■ = then the length 
/r # lit 
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FinaUy, inotto coiucqueo^ 

in t plane perpendicular to the axis of the finer during the expansion stage. If the cod* of the 
double hefix finer ire cut perpentfeutariy to the longHudisal axis, then after expansion these 
ends wfll define perfect cjrdes in pkne that are themselves perpendicular to the longhudinal 
txis of the liner. Tins disposition is particuiarty frvorsbte for ensuring seating of the 
completion at the cadi of the line*. 

Figures 6 md 7 are highly diagrammatic and show two examples of completion using a sptral- 
wound finer of the invention, it being understood that these examples are not footing in any 

way. 

In the example shown in Figure 6, the spiral-wound tube b used for compkting a zone in 
temporary ina*ner. In a w^ 

between the fiacoiring gradient and the pressure of the fbnnatioa There may attemativdy be 
problems associated, for example, with the presence of formations that are highly unstable 
(clayey rock, sands, safes, etc.) in depletion tones, or other problems that are well known to 
the person sldDed in the art. The fiiiancud ewise<nienc» 
proportion to their lengfc saxe atriripar^ 
on an extra occasion, thereby 

The well ha* been drilled and casing has been instalW in upper portion t. Driting has then 
continued tl* casuig shoe 2 to pk^ 

is not cased, prior to reaching a zone 4 of length U: which needs to be treated immediately 
(Figure 6a). The decision is taken to proceed with temporary ccjnpietion using a finer of the 
mvention, A spiral-wound finer 5 is pushed towards the bottom of the well by means of a 
double corneal expansion 
move on (Fi^ ft) so as to spread a^ 

diameter (Figure 6c). Once the Incr is in place (Figure 6d) the expansion tool is returned to 
the surtoarxl the liner bcjementedu 

shown here, the finer is provided with openings 8 to aDow cement to pass from the inside of 
the Brier towards the ajwwto 
shoe could be used. 
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After expansion, the inside diameter of the liner is practically identical to the diameter of the 
hole in zones where there are no drilling problems (where necessary, the hole can be enlarged 
in the zone that requires treatment by mean of a reamer). Drilling can then be started again 
without air/ need to drill through a cemented zone* and the entire well can be completed in 
accordance with the original drilling plan, and without any reduction in the diameter of the 
wed 

Tt it dear ***** mA*Mrm»\ tools •« ■ t+**rmn**r CpuJd ^ wfh the 

of the invention. Abo, the iner is preferably fitted with codpieces made of a material that is 
easily deform e d and that is easy to drifl (eg. akimtnumX thereby guaranteeing that the spcil- 
wourtd Kocr is properiy expanded over its entire length. 

A typical sequence of using a spiral-wound finer of the invention for completing a section of a 
reservoir is shown in Figure 7. Such an oper at ion may be envisaged, for example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and it is then expanded by means of an expansion toot 
(Figures 7b and 7c). Like any other production finer, the finer of the invention is, in this case, 
pierced to allow production fluids to pass therethrough, and as shown in Figures, it is 
preferably covered in a grid which may be fixed thereto, e.g. by being welded to the strip prior 
to spiral winding. The mid is preferably on the outside face of the liner, racing towards the 
walL 

It should be observed mat the surface area of the roBed-up strip remains unaltered during 
expansion so wds are not weakened by the spiral-wound finer of the invention being put into 
place and expanded. For the same reason, the size and distribution of the openings provided 
for allowing the production fluids to pass can be selected in a maimer that is entirely 
independent of the diameters to the contracted state and m the expanded stat e This makes it 
possible, in particular, to obtain a liner that b very strong in association with greater stability 
and longer life of the well. 
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ForaborizootalwelW*pinl-«ouiidl^ 

cm be placed very close to the forrnation, even in the upper potion of Ac finer, and that ii 
often not the case with a conventional liner that U incapable of bein« contracted. 

So long as k has not been cemented, a ipital-wound Imer caa be whMnwn by means of a 

.pecial tool which separates the l«»gm^ 
returatonatateenralartonmofhaWtM 

only after several norths or yean, em should be taken to tire a o-erial thm b capaUe of 
retaining its elastic properties over such a long period of time. 

The geometry of the spiral-wound liner of the invention i* entirety axnpatible with mass 
production at low cost For example, it is possible to use metal strips (where necessary strips 
that are welded together) that are pierced m a pred>^ 

rollers or by a bydraufic press having s punch. Tfae kx«itudSDal edges are preferably rectified 

continuously to as to give them a toothed profile, and grids may similar^ 

along one of the longnudmal edges before winding into a spiral Finally, the strip may be 

tpi^woimddkectr/andtbxnco^ into equal 

lengths. 

In general. « is preferable to pay out a liner of the mvenoon fit» a red «^ that is cheaper 
once the section to be completed is long, and more rdiabte ^ conneetkw ere ointaed. 
Nevertheless, h is equally possible to use Encrs of fixed length and to perform completion in a 
zanc by repeatedly plsring and expanding lengths of liner. 



3 



09/18/2000 18;23:13 page -16- 



■11- 

CLAJMS 

1/ A finer fix completing t holt in an underground formation, the finer being constituted by t 
spiral* wound atrip, its longitudinal edges having complementary touching profiles such that 
after expansion the baer is circular in section. 

V A finer according to datm l v characterized in that the longitudinal edges define a contact 

surface of general dfrectmn D lying in a plane that forms a. ncn-zero angle relative to the 
toqgjtudaal axis of the finer. 

3/ A finer according to claim 2, characterized in that said ingle formed by the general direction 
6 ofthe contact surface lies in the range 30* to 60°. 

4/ A finer according to any preceding claim, characterized b that the touching longitudinal 
edges have a sawtooth profile. 

5/ A finer according to any preceding claim, characterized in that the liner is obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

67 A liner according to any preceding claim, characterized in that it it provided with opening s 

7/ A liner according to claim 6, characterized in that it is covered in a grid. 

8/ A finer according to claim 7, characterized in that the grid is wdded on 

9/ A method of completing a hole in an underground formation in which a spiral-wound strip 
is lowered down the hole, and the strip is opeoed untl a circular sectkm b c&^^ 
of a conical placement tool for putting the longitudinal edges mto a touching position. 

10/ A method according to daixn 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method according to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsolidated. 
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12/Thcu«oftbcrorthod*ccofdk^tod»im9or 10, for repauiiig a casing, 
13/ The use of the method of claim 9 for completing a production zone 

14/ A syitem for completing t bole in an underground formation. cnarartfriTrrf m that it 
includes t Bner according to any one of claims I to ft and an expansion tool suitable for 
tpkying apart the longitude 
edge-to-edge. 

iy A tod fiv wMidra^ t fintf 

means for moving the lon&tuduud edges apart by a tfameter greater than the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral- 
wouod configuration of a diameter that is jmal) enough to enable the liner to be extracted from 
theweH 
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